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Abstract 

a* 

\ It is argued that the blackhole information paradox originates from 

treating the blackhole geometry as strictly classical. It is further ar- 
gued that the theory of quantum fields in a classical curved space with 
a horizon is an ill posed problem. If the geometry is allowed to fluc- 
Q-[ tuate quantum mechanically, then the horizon effectively disappears. 

; The sharp horizon emerges only in the classical limit when the ratio of 

the Compton wavelength of the black hole to its Schwarzschild radius 
vanishes. The region of strong gravity that develops when matter col- 
lapses to form the blackhole remains visible to the whole of spacetime 
and has to be described by a microscopic theory of strong gravity. 
The arguments imply that the information paradox is demoted from 
a paradox involving fundamental principles of physics to the problem 
of describing how matter at the highest densities gravitates. 
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1 Introduction 



The information paradox was posed by Hawking |T] after his discovery that 
quantum blackholes (BH's) radiate. He realized that when the BH completely 
evaporates, nothing is left and that this poses a severe problem for quantum 
mechanics. 

A possible definition of the information paradox (see, for example, [2] [3]) 
is that some tenets of physics have to be abandoned to accommodate the 
physics of BH's. If unitarity is the abandoned principle, then information 
would be "lost". If it is locality, then one would have early information re- 
trieval from BH's. This is sometimes phrased as "information must propagate 
outside the light cone". Finally, the second law of thermodynamics, energy 
conservation or the closely related vacuum stability could be thrown under 
the bus. This is associated with late information retrieval and the existence 
of BH remnants. 

The information paradox is a problem of principle, not of practical ability 
to observe the process of BH evaporation with sufficient precision. This 
process is often compared to the burning of a book. No one doubts that 
the information in the book can be retrieved (with enough effort) from the 
fumes and ashes of the fire. On the other hand, everyone accepts that this 
is practically impossible. So the burning of books was never elevated to the 
level of a paradox or interpreted as an indication that some fundamental 
physical principles have to be abandoned. 

The standard tool for studying quantum BH's is the theory of quantum 
fields in curved space [3]. This theory treats matter quantum mechanically 
while the background geometry is treated strictly as classical. It is possible 
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to improve upon this approximate treatment by taking into account some 
quantum mechanical effects of the background. This is done by using the 
the tools of effective field theory [5]. However, after the improvement one 
ends with a modified, but still strictly classical geometry. As I will argue, 
the theory of quantum fields in curved space is particularly vulnerable when 
the background geometry has a horizon - an infinite redshift surface that 
sharply divides different causally disconnected regions. 

The equivalence principle asserts that acceleration and gravitation are 
equivalent. However, constant acceleration over an infinitely long time leads 
to the formation of a horizon and to Rindler spacetime. This posses a big 
problem for quantum mechanics. Is it possible that one gets an observer- 
dependent thermodynamics? This has led to the introduction of the idea of 
"black hole complementarity" [6j [7] , that the different observers are mutually 
exclusive and a global observer does not exist. More recently complementar- 
ity has been challenged by the so called "firewall proposal" [5]. 

In this paper I will argue that to describe the physics of quantum BH's no 
new principles need to be introduced, neither abandoning old ones. What is 
required is a consistent quantum mechanical treatment of the BH. Quoting 
from [5] "a black hole must be subject to quantum laws." The notion of 
quantum matter on a background of a classical geometry with an infinitely 
sharp horizon is an ill posed quantum mechanical problem. The fundamental 
physical objects are the global quantum state of the BH and matter and the 
unitary quantum evolution operator. All parts of the global quantum state 
are accessible to all, so the issue of observer dependence is not a fundamental 
one. The thermal nature of black holes is only approximate, becoming exact 
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in the classical limit when the ratio of the Compton wavelength of the BH 
to its Schwarzschild radius vanishes. 

Previous attempts to understand and resolve the information paradox 
include the S-matrix approach [7J [101 HH [121 (Ej and the fuzzball approach 
[T4"l H5\ Both share some ingredients and conclusions with the proposed 
resolution of the information paradox. However, the reasoning and details 
are quite different. 

2 Supremacy of quantum mechanics over ge- 
ometry 

Let us recall the well-known example of a test particle in a field of a grav- 
itating distribution of mass in some quantum state [TTJ [18] (see also [19].) 
For concreteness, one can think of a spherical mass distribution. Classically, 
the particle moves along the geodesies of the Schwarzschild geometry. How 
is the motion of the particle described if the spherical mass is in a superposi- 
tion of two different locations? In this case it is not possible to find a single 
classical geometry that the test particle moves on its geodesies. According to 
the rules of quantum mechanics we are instructed to define a wavefunction 
for the geometry and the test particle \^M,g)- Here the subscript M denotes 
the matter - the particle and g stands for the geometry that is created by 
the distribution of mass. We are then instructed to calculate expectation 
values of matter operators {^M, g \Om\ ^M,g), for example, Om can be the 
momentum of the particle or its position. On general grounds, one expects 
that true quantum gravity observables are only boundary observables. How- 
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ever, in the situation that we have described, we do expect approximate local 
observables as well. 

We can treat the test particle as classical. This ia an antipodal approx- 
imation to the approximation that is being made in the theory of quantum 
fields in curved space. The background geometry is treated here as quantum 
and the matter is treated as classical. This is, in a way, the inverse of the 
"backreaction" of quantum fields on the background geometry. The term 
backreaction refers to quantum effects of matter modifying the classical ge- 
ometry. Here the quantum effects of the geometry modify the dynamics of 
the matter. 

What happens when the distribution of mass has a localized wavefunction 
around a single position? If the particle is far enough from the mass distribu- 
tion then it is possible to find an approximate single classical Schwarzschild 
geometry g c such that the test particle will follow its geodesies. Then, the 
wavefunction is only a matter wavefunction which is a function of the classical 
geometry ^/(fiO- In this case m, 9 \O m \^ M , g ) ~ M (gc)\0 M \^ Ai(g c )) ■ 

The lesson that we have to learn is that we should follow the rules of 
quantum mechanics and use them to guide us in making approximations. 
We should use geometry as the guiding principle only in cases that it does 
not contradict the rules of quantum mechanics. 
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3 Horizon fluctuations effectively destroy the 
horizon 



In this section I would like to discuss two examples of fluctuating horizons. 
The conclusions from the discussion will lead us to the next section where it 
will be argued that a classical geometry with a horizon (and singularity) is 
not always a good approximation. When one computes quantum expectation 
values of matter operators in the corresponding semiclassical state, the clas- 
sical geometry should only be considered as a limiting case and the results 
of using the classical geometry should be interpreted with care. 

The first example is inspired by the discussion in [20] where the fate of 
a fluctuating infinite redshift surface was considered. The second example is 
taken from [2T] where the fate of a fluctuating bifurcating killing horizon was 
considered. The purpose of the first example is to show that if the horizon 
is allowed to fluctuate, then it effectively disappears. The second example 
is more specific and shows that a bifurcating Killing horizon must fluctuate 
and demonstrates how it disappears. 

Here the term "horizon" has different meaning in different circumstances. 
In the first example it is used mainly to mean a surface of infinite redshift 
that separates two regions of spacetime. The surface separates its two sides 
in the sense that all classical correlations across this surface vanish. In the 
second example, the specific properties of a bifurcating Killing horizon are 
used. 
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3.1 Fluctuating horizon 

Consider a surface of infinite redshift at some given time t. This surface 
separates the space into two regions - inside and outside, left and right etc. 
Each region of spacetime is covered by a separate coordinate patch. As a 
concrete example we can think of the Minkowski and Rindler geometries, or 
Schwarzschild and Kruskal geometries. Now, imagine that the position of the 
surface could fluctuate quantum mechanically. What are the implications? 

Let us assume for concreteness that the position of the horizon of a 
Schwarzschild BH could fluctuate quantum mechanically. This means that 
the semiclassical BH could be in a general superposition of geometries ds 2 = 
— (1 — R/r) dt 2 + x \i r dr 2 + r 2 dVt\. The geometries are "off-shell" so R ^ 
2GMbh and can fluctuate independently of the mass. Each of the geome- 
tries has a horizon at a different value of r = R and covers a only the part 
of spacetime outside its horizon r > R. The correspondence principle im- 
plies that the expectation value of the horizon radius is the classical value 
Rs = 2GMbh an d that if the BH is large, the fluctuations of the horizon 
about the mean are small Ai? 2 /i?| <C 1. 

Then, we have to describe the BH in terms of a wavefunction of the 
horizon position R. As just argued, we expect that for a large BH the 
wavefunction is peaked at its classical value Rs with some spread a, 



The wavefunction in Eq. (CD) does not necessarily have to be a solution 
of the true quantum equation that BH's satisfy, however, it will serve to 



(R-Rs) 2 



(1) 



where M is a normalization factor, M 2 
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illustrate the point I am trying to make. As we will see in the second example, 
this wavefunction is in fact an approximate solution for the S-wave mode of 
a Schwarzschild BH. 

A possible way to probe the existence of a horizon for the fluctuating 
geometry is to send a light source (which could be classical) towards the 
horizon. Then one has to check whether light from the source can reach an 
observer at r — > oo. In the classical geometry, once the probe goes through 
r = Rs, the emitted light can not reach r — > oo. However, the fluctuating 
geometry is a superposition of geometries. In some of them the position of 
the horizon is less than the Schwarzschild radius R < Rs, so the light emitted 
inside r = Rs is still outside the horizon. It follows that with some finite 
probability, the emitted light can reach r — > oo. 

For example, one could calculate the probability P(Rs) that some signal 
reaches from r < Rs to infinity. If we treat the light source as classical and 
assume that all emitted signals from any of the points outside the horizon 
can reach infinity, then P{Rs) is given by 



Clearly, P(R,s) is finite. For example, when Rs ^> u, as expected for 
semiclassical BH's, P(Rs) = 1/2. Classically P{Rs) is strictly vanishing. 
The probability P(R) decreases rapidly for R < R s — o. For R/ Rs "C 1, 
P{R) ~ e 2<r 2 is exponentially small. Clearly, for practical calculations 
it makes sense to approximate an exponentially small probability by zero. 
However, one has to keep in mind that this is an approximation. 

The conclusion is that it is not possible to choose a single classical ge- 





o 
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t = +oo 




Figure 1: Penrose diagrams of blackhole spacetimes. Shown on the left is the 
standard diagram (evaporation is ignored). The shaded region is excluded. 
On the right, the diagram after inclusion of horizon quantum fluctuations is 
shown. The shaded region near r = depicts the strong gravity region. 

ometry with a horizon that can reproduce the result in Eq. (J2J). It is in this 
sense that the horizon fluctuations have effectively destroyed it. If one insists 
on describing spacetime in with a Penrose diagram, then after taking into 
account the quantum fluctuations of the geometry, the resulting diagram has 
the topology of Minkowski space. Light emitted anywhere in spacetime can 
reach r — > oo. Penrose diagrams describe only classical motion in confor- 
mal coordinates and the causal structure of spacetime and are incapable of 
encoding information on the quantum state. 

The modified diagram taking into account the quantum fluctuations and 
with the caveats just mentioned is shown in Fig. 1 together with the standard 
Pensroe diagram of a Schwarzschild BH. The diagram shown in Figure 1 
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resembles the Penrose diagram that was obtained in the S-matrix approach 
by Englert and Spindel [13]. The reasoning that led to this result, though, 
is quite different here. 



3.2 Fluctuations of a bifurcating Killing horizon 



Let us now review some of the relevant results from [21] and put them in con- 
text. In that paper spacetime was foliated by constant r hyper surf aces. The 
unit normal to the hypersurface is denoted u a and the hypersurface metric 
is g a b = h a pe a a e l3 b — u a u b where e a a is a basis of tangent vectors to the hyper- 
surface. Greek indices denote the induced coordinates on the hypersurface. 
Then a D — 2 cross section of the hypersurface £_d„ 2 was chosen. The area 
of is given by A D ^ 2 - 

It was then observed that the gravitational action contains the term 

<9Jzf 

d D Xy/^g— C u (K a pu c u d ) . (3) 

Oticufid 

Equation ([3]) implies that the extrinsic curvature K a pu c Ud is canonically con- 
jugate to ■ The projections of these variables on the bi- normal vector 
e id to S^>-2 satisfy standard Poisson bracket relations: 

ay ^) 

K ai u b u d V d e ab { Xl ), — e ld e ab (x 2 ) = (-h)- 1 / 2 5 D -\x 1 -x 2 ). (4) 

After some manipulations [21] arrives at the Poisson brackets 

e,i-sv} = i, (5) 

where S\y is the Wald Noether charge entropy and is the opening angle at 
the horizon [22J. 
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The Wald Noether charge entropy [231 [23] in units such that the BH 
temperature is equal to 2n is given by 

/ <9Jzf 

S w = -2vr * — e ld e ab . (6) 

J Ottabjd 
H 

In general, it is equal to a quarter of the area of the horizon Ah in units of 
the effective gravitational coupling G e // [25] . 

S w = .J 1 • (7) 

For Einstein gravity the effective gravitational coupling is equal to Newton's 
constant G e // = G an d the Wald entropy is equal to the Bekenstein-Hawking 
entropy of the BH Sw = Sbh- 

The opening angle at the horizon B is a hyperbolic angle defined in terms 
of the proper time r = f y/—goodt [22] . 

B = \c u r. (8) 

By analytic continuation to Euclidean space one finds for a classical Schwarzschild 
geometry that 

B = 2tt. (9) 

Both Sw and B should be considered as functionals of the bifurcating sur- 
face. As such they are not the standard local observables that we encounter 
in quantum field theory. They are exactly the kind of observables that are 
expected in a theory of quantum gravity: global covariant observables that 
are functionals of the boundaries of spacetime. 

Proceeding to quantize the BH, following [22], B and Sw were promoted 
in [2TJ to quantum operators 6 and Sw- The Poisson brackets in Eq. (|5]) are 
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promoted to commutation relations, 



6, Sw — 



ih. 



(10) 



The wavefunction of the BH realizes the commutation relations in terms of 
a differential equation, 



ever, any wavefunction with eigenvalue G that is different from 2tt does not 
correspond to a geometry that solves the classical Einstein equations. It is 
an off-shell state. In general, we do not expect states in quantum gravity to 
correspond to a geometrical spacetime. But, since we are using the semiclas- 
sical approximation, the off-shell states do correspond to geometries. In this 
case to a conical defect geometry without a horizon. 

Wavefunctions that are eigenfunctions of Sw are harder to interpret. If 
Sw is different from the classical value in Eq. ([7]) then they must, again, cor- 
respond to off-shell states of the BH. For these states, the horizon area takes 
values that differ from the classical values. One can view the deviations from 
the classical value as resulting from quantum fluctuations of the bifurcation 
surface (See Section 5 of [23]). From this point of view, the fluctuationss 
originate from angular and radial fluctuations of this surface. One particu- 
lar mode of these fluctuations is the S-wave mode when one considers only 
spherically symmetric deformation of the bifurcation surface. In this case 
Sw = kR 2 /lp and the only effective degree of freedom becomes the horizon 
position R, as in the example in Sect. (3.1). 



2nh 



m(s w ). 




i 3S W 



Wavefunctions that are eigenfunctions of O have a fixed value of O. How- 
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Brustein and Hadad found an approximate solution of the wavefunction 
for a Schwarzschild BH in 4D by using the correspondence principle. The 
idea is that the expectation values of and Sw should be equal to their 
classical values, 

(0) = 2tt (12) 

and 

(Sw) = (13) 

It follows that the wavefunction of the BH then cannot be an eigenfunction 
of either or Sw because both have well defined expectation values that 
are dictated by the classical geometry. The uncertainty relation between 
the two canonically conjugate variables forces the wavefunction to be in a 
superposition. 

Applying the correspondence principle also to the fluctuations of Sw and 
0, the approximate solution for \l/(0) was found to be 

/ s r -27T# (0 - 27r) 2 |7T#e , s 

*(6) = Me l i y ' e h T , (14) 

where M is a normalization factor and l p is the Planck length. 

As anticipated, the wavefunction in Eq. 014p is a superposition of wave- 
functions with fixed 0. So fluctuates and does not have exactly the classical 
value 2ir. However, as discussed previously, a geometry with any value of 
that is different from 2tt does not correspond to a classical geometry with a 
horizon. The geometry in this case is a horizonless geometry with a conical 
singularity. We see here explicitly that quantum fluctuations of the geometry, 
in this case of the hyperbolic angle 0, have effectively destroyed the horizon. 
This means that spacetime can not be partitioned into the "outside" and 
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"inside" of the horizon. It also means that the inside of the horizon cannot 
be ignored by outside observers. The possibility of ignoring the inside is 
the essence of the ability to continue to Euclidean space. Fluctuations in 
effectively destroy the horizon and introduce another boundary at r = R$. 

We can see that the horizon gets effectively destroyed by quantum fluc- 
tuations from a different perspective by looking in more detail at the wave- 
function in the entropy representation. Here I will write the wavefunction for 
the S-wave mode of a Schwarzschild BH in 4D Einstein gravity, as discussed 
above. In this case Sw — ^R 2 /lp- Assuming that R 2 3> lp, I obtain 

_ e (r-r s ) 2 

V{R)~e 2 F p . (15) 

This wavefunction can be compared to the wavefunction in Eq. (CQ). The 
conclusions from the discussion about the fate of the horizon in Sect. (3.1) 
apply also here. I wish to emphasize that the general state of the BH cannot 
be described by a radial wavefunction and must include also angular fluctua- 
tions of the horizon. For such states, it is harder to see explicitly the effective 
disappearance of the horizon. 

For macroscopic BH's the wavefunction is extremely sharp. So for calcu- 
lating many expectation values it makes sense to approximate it in practice 
as a 5-function. However, one has to keep in mind that this is an approxi- 
mation and use it with care when it comes to issues of principle. Another 
observation is that for R <C R$, \^(R)\ 2 ~ c~ Sbh . This is the minimal 
expected magnitude of typical expectation values in a unitary system with 
entropy Sbh [26] - 
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4 Origin of information paradox 

As we have seen in the previous sections, the physical quantity that has to 
be calculated is the expectation value of some matter operator Om, 

(O m )^(^ m ,bh\Om\^m,bh). (16) 

Here matter includes gravitons in addition to particles from the non-gravitational 
sectors. 

However, in all the standard calculations of the theory of quantum fields 
in curved space one calculates instead 

(O m )c = (v M (gc) \O m \ y M (gc)), (17) 

where g c is the classical BH solution of Einstein equations (or its generaliza- 
tion), for example, the Schwarzschild geometry. The subscript C indicates 
that the geometry is taken as a classical geometry. These calculations are 
then used to draw conclusions about the properties of quantum black holes. 

For a semiclassical Schwarzschild BH, the classical limit is defined in terms 
of the Compton wavelength of the BH Xbh — ^/Mbh an d its Schwarzschild 
radius Rs = IGMbh- Using the relation between Newton's constant and 
the 4D Planck length l p = ^hG, one finds that the ratio of the Compton 
wavelength to the Schwarzschild ratio is given by, 



Rs R s 



BH ~ 2^- (18) 



Here we have used units in which the speed of light is unity. Equation fTTBl 
generalizes in an obvious way to BH's in higher dimensions. For a macro- 
scopic BH the value of Xbh/Rs is extremely small. This ratio appears as a 
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parameter that determines the classicality of the BH in recent discussion of 
Dvali and Gomez [27], where it is called 1/N. 

The classical limit is defined as the limit when Xbh/Rs — >• 0. In this 
limit, 

(O m ) c = lim (O m ). (19) 

One can also think about the classical limit as the limit 11 Mbh oo", 
U G — > 0" and GMbh fixed. This is the limit to which the theory of quantum 
fields in curved space applies. In the classical limit for the geometry, the 
matter can still be treated quantum mechanically. When matter is treated 
quantum mechanically one finds that the BH radiates and never evaporates. 
The Hawking radiation is perfectly thermal and so the matter is in a thermal 
state which is, of course, mixed. 

The origin of the information paradox is in the implicit assumption about 
what happens away from the limit Xbh/Rs 0, when Xbh is finite, so the 
mass M B h and G are both finite, still keeping the product M B hG fixed. The 
implicit assumption is that the geometry of the infinite mass case is in some 
sense, a good approximate geometry also in the finite mass case. We can 
express this assumption as follows, 

(*m,m \O m \ V M , BH ) assu = pti ° n ($ M (g c ) \O m \ * M (9c))+0 ( e -Wito) 

^bh/Rs finite 

(20) 

That there is some (possibly modified) classical geometry g c and some (possi- 
bly modified) matter wavefunction ^mQTc) that are "similar" to the classical 
geometry and matter wavefunction in the infinite mass case in the sense that 
the two expectation values on both sides of Eq. (1201) are equal to all orders in 
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the semiclassical approximation and for all matter operators. The metric g c 
is assumed to posses a horizon that separates spacetime into differen causally 
disconnected regions. 

Neglecting the difference between (0)c and (O) by taking the classical 
limit leads to a total suppression of classical correlations of matter across the 
horizon. In this approximation the Hilbert space becomes a product of the 
states inside and outside the horizon, the global state of matter becomes a 
mixed state. Fixing the geometry requires fixing the state of matter, so it 
becomes impossible to consider other states of matter or discuss quantum 
coherence and phases for this state and so on. The physics in this limit is 
described well in the original paper of Hawking [1]. 

However, if one wishes to discuss more detailed quantum mechanical ques- 
tion, the quantum nature of the BH must be preserved. Then the Hilbert 
space is a single global Hilbert space. The different observers can be related 
to each other by large redshifts, however, the effective redshift is always fi- 
nite. And so, by the equivalence principle they have to agree on the results 
of measurements anywhere in spacetime. 

I argue, based on the examples from the previous section, that it is not 
possible to find a classical geometry g c with a horizon such that Eq. f[2"Uj) is 
satisfied away from the strict classical limit. Rather, semiclassically 



Here the index i could be discrete or continuous. If it is continuous, the 
summation in Eq . (T2T|) turns into an integral. 

In the semiclassical approximation, the states \^m,z) generically corre- 
spond to horizonless geometries and so appear to be singular. They do not 




(21) 
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correspond, as sometimes guessed, to non-singular semiclassical geometries 
with a horizon. The semiclassical singularity is expected to be resolved by 
an improved microscopic treatment of the strong gravitational effects, such 
as the one provided in some cases by string theory. 
Then, 

(^m,bh I C M | ^ m ,bh) = J2 ° M l* M >*) • ( 22 ) 

^bh/Rs finite 

To make distinction between the correct matrix element and (Om)c more 
precise we may define a typical energy scale E, appearing in the operator Om 
and a typical length scale R appearing in the operator Om- The operator 
Om is required to satisfy E -C Mb h to prevent a large back reaction and also 
R 2 3> l 2 so that high curvature effects can be neglected. Then, I argue that 
corrections for some matter operators can appear already at perturbative 
orders in the in the semiclassical expansion^ 

(Om)c = (Om) + O f^j (23) 

and that this difference does change in a qualitative way the behavior of the 
expectation values. This will be discussed in more detail in 



-'^As we have seen, in some cases the corrections are indeed exponentially suppressed 
rather than power suppressed. 
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5 Demotion of the information paradox to a 
status of a problem in strong gravity 



The proposed resolution of the information paradox is based on treating the 
BH as a quantum object. The notion of quantum fields in a background of 
a classical geometry with an infinitely sharp horizon is an ill posed quantum 
mechanical problem. Once arbitrarily small quantum mechanical fluctuation 
are introduced the horizon effectively disappears. The information paradox 
is quantum mechanics' way of telling us that. From this perspective, the 
answer to the question "What is wrong with Hawking 's original argument? " 
is that the correct quantum mechanical state of a semiclassical BH can not 
be described by a classical geometry with a horizon (and a singularity). The 
answer to the related and often asked question u How does the information 
get out of the black hole? " is simple: it was never in! 

The fundamental physical objects are the global quantum state for the 
BH and matter and the unitary quantum evolution operator. In the absence 
of a horizon they are both well-defined. Unitarity has to be accepted as a 
fundamental property of quantum mechanics. Proving unitarity during black 
hole formation or evaporation is extremely hard. This would be the analog 
of proving the unitary evolution of a burning book. 

Quantum fluctuations of the geometry take away the sharp distinction 
between the inside of the horizon and its outside. Consequently, the region 
of large curvature formed by the collapsing matter which classically develops 
into a singularity remains visible to all observers. The remaining challenge 
is then describing this region of strong gravity. This issue may eventually 
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be resolved by quantum mechanics itself, as proposed in [2H]. Describing the 
strong gravity region is similar to the hard and well-known problems that we 
encounter in dealing with non-linearities of strongly coupled theories. 

Thus, the information paradox gets demoted to the contained problem of 
describing the nature of the strong gravitational fields in a small and very 
dense region of spacetime. 

Other more specific issues remain. For example, when calculating (Om) 
rather than (Om)c, are the differences sufficient to ensure the the state 
of matter inside the horizon is accessible to outside observers with enough 
precision? Is there enough time prior to the complete evaporation of the 
BH to perform certain kind of measurements? By how much the emitted 
radiation differs from a thermal radiation? These are interesting questions 
that need to be clarified by additional research. 
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